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SUMMARY

Turbulentandmean-flowcharacteristicsof severalnoise-suppression
multiple-jetnozzlesweredeterminedfromhot-wire-anemometermeasurements
fortheflowconditionsofMachnumber0.3andReynoldsnumberof
2.06x106perfoot.

The measurementsshowthatturbulentmixing,as indicatedby reduced
intensityandscaleof turbulence,occurs closertothenozzlein inter-
feringthaninnoninterferingjets.Theturbulencespectrashowthatthe
effectofthemultiplejetsistoredistributetheenergy.Themorerapid

B mixingof theinterfering~etsandshiftingof thespectralenergyof the
interferingjetsmayexplain,inpart,thesuppressionofnoiseby these
nozzles.

~

lXTRODUCTION

Insearchingfora nozzleconfigurationthatwillserveasa noise-
suppressiondeviceforturbojetengines,experimentershave,ingeneral,
triedconfigurationsofcorrugations,teeth,ejectors,andsoforth,
whichhavebeendesignedtobreakup thejetflowquicklyandincrease
mixingof thehigh-energystreamwiththesurroundingair. References1
to4 describesomeofthesedevices.Investigationshavebeenmadeof
theeffectivenessofthesesuppressorsindecreasingthenoiseoutputof
full-scaleenginesandalsoof scale-modeljets.However,verylittle
ofa fundamentalnaturehasbeendonetosurveythejet streamswiththe
purposeof investigatingtheturbulentstructureof theflow(ref.2)’.

A majorefforthasbeenmadetofinda theorytorelatethenoise
generatedby theJettotheturbulenceintheairflow.Lighthill(ref.
5) ina well-knownpaperhassucceededinthiseffort.Histheoryhas
beenverifiedinmanyrespectswithexperimentaldata. Inparticular,~ theeighth-powerlaw(thetotalacousticpowerofa jetisproportional
totheeighthpowerof thejetvelocity)hasbeenwellestablished.But
it isimpossibleat thepresenttimeto computethenoiseoutputofa jet

t fromexperimental(hot-wire)measurementsoftheturbulenceby useofhis
approach.
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A differentmethod,whichattemptstorelatethenoiseoutput(sound
power)ofa jettotheintensityandscaleoftheturbulenteddiesinthe
airflow,isdescribedinreference6. A theorybasedonLighthill’s
assumptionthatthesoundfieldcanbereplacedby a fieldof stationary
quadrupleshasbeenusedto deriveequationsthatrelatethenoiseoutput
to theturbulenceparameters.Thismethodhashadonlylimitedsuccess
incalculatingthenoiseoutputofa jetfromhot-wire-anemometermeas-
urementsinthejetflow. Ithasbeenusedtoexplainsomeof theobserved
effectsinthenoisegeneratedby jets. --

Otherapproachestotheproblemofnoiseofaerodynamicoriginare
describedinreferences7 and8.

Toprovidethedatanecessaryforthetheoryofreference6, detailed
measurementsweremadeof theintensity,scale,andspectraof turbulence_
ina subsoniccircularairjet(ref.9). As a continuationof thisob-
jectiveandtoobtaindatainotherjet-nozzleconfigurations,thesame
techniqueshavebeenappliedto somenozzlesthatarenotcircular.The
nozzlesusedaremodelsof thosewhichhavebeentestedforpossibleuse
asnoisesuppressors.Oneclassof jetnoise-suppressiondevicesisa
lineararrayof slotslocatedquiteclosetogether.Thistypeandthe
sectoredtypeofreference2 arequitesimilarinprinciple.Thein-
dividualjetspassdownstreamandmixbothwiththesurroundingatmosphere
andwitheachother.

Ifthemeasureoftheamountof turbulentmixingistakentobe the
reductionin intensityoftheturbulenceora reductionineddysize
(scaleofturbulence),thenoneof thefollowingwilldescribethemixing:
First,theturbulentintensitymaybe lesswhiletheeddysizeremains
constant;second,theeddysizemaybereducedwhiletheintensity
remainsconstant;or third,boththescaleandtheintensitymaybe less.

Sincethereisnoevidencethatanyof thesechangestakesPlace.tn __
multipleinterfering~ets,theobjectoftheseexperimentsistodetermine
theeffectof theconfigurationstestedontheintensityandscaleof
theturbulenceinthemixingzonecommontotwoormoreinterferingjets.

Ithasbeenobservedalsothatmultiple-jetnozzles of theinterfering
typecanalterthespectrumofthenoisegenerated.Thesealterations
usuallytaketheformofreducedorshiftedspectralpeaks,shiftingof
soundpowerfromhightolowfrequency,or viceversa,over-allreduction
of thetotalsoundpower,ora combinationofthesechanges.Itmaybe
expected,therefore,thatcorrespondingchangeswillbe foundinthe
spectraldensitycurvesoftheturbulence.

.4!
—
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Theexperimentsreportedhereinwerea partof thejetnoise-research

programof theNACALewislaboratory.
.
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spectraldeusityfunctionof U2

frequency

correlationcoefficient

radialcoordinate

time

meanstreamvelocity

fluctuatingcomponentof velocityinx-direction

right-handcoordinatesystemwithx-~is coincidingwithjet
centerline

nondimensionalparameterrelatedtocutofffrequenciesofspectrum
by eq.(B5)ofref.9

circumferentialcoordinate

characteristiceddysize
,

angularfrequency

Subscripts:

c core

20C local

t time

x longitudinal

Superscripts:

M f root-mean-square

* characteristicvalue
●
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INSTRUMENTATIONANDTESTFACILITIES

JetNozzlesandTestFacilities w.

To implementthemodel-~ettestingprogram,a seriesofnozzleswas
constructedthatcouldbe used.on anoutsidetestrig (refs.10and11)for i
noisemeasurements.Forturbulencemeasurementsthesenozzlescanbebolted
to theplenumchamberofthefacilitydescribedinreference9. Ofthese
nozzles,a three-sectornozzle(ref.2)anda rectangularslottednozzle
withfourjetswerechosenforthiswork(seefig.1). Thethree-sector
nozzleswereusedinthisinvestigationbecauseoftheinterestraisedby
reference2,whiletherectangulsxslotted“nozzlewaschosenbecauseitwas
ofa classofgoodnoisesuppressors(ref.””4).Thedistancebetweenthe
jetsintherectangularslottednozzlecouldbevariedfromamaximum
separationofabout3 inchestoa minimumofabout3/4inch. Inthis
investigationthespacersusedwere1.19a-rid2.95inches.

Noneof thesenozzlesprovedtobe exactlysymmetricalwithrespect
totheflowthroughthevariousslotsandsectors.Itwasnecessary,”””
therefore,toprobeinseveraldirectionstodeterminethemagnitudeof
theasymmetry.Surveysweremadeinthey~and z-directionsintherec-
tangularslots(seefig.2(b));butinthethree-sectornozzlea full _.
360°surveywasmadeby rotatingtheprobeabouttheaxisofthejet. The .-
aerodynamicaxisofthejetwasused,sincethepositionoftheprobewas
ad~us’teduntilthegreatestsymmetryintheI?1OWpatternwasattained.
Withinthelimitsof errorofthemeasurements,theaerodynamicandgeo- 5
metriccentersofthenozzleseemtocoincide.Intherectangularslotted
nozzle,convergentflowchannelswereincludedtohelpdistributethe
airflowtoallfourof theJets(seefig..2(b)).

-.

OtherInstrumentation .—

Theotherinstrumentsusedwerethosedesctiibedinreference9 except
forimprovementsinrecordingthedataforfutureuse. Thehot-wire
signals,representingthemean-flowlevelandtherootmeansquareof the
fluctuations,wererecordedasa function--ofpositionInthejetby a
double-yenstripchart(XX)recorder.Theserecordingswereusefulin
obtainingtheturbulentandmean-flowvelocityprofiles.

TESTPROCEDURE

Theexperimentalprocedurewasdividedintotwoparts: (1)the
mean-flowsumveysto obtainthevelocity&ofilesinth~jet,and(2) d
theturbulencesurveyswiththeconstant-temperaturehot-wireanemometers.

0
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Mean-FlowSurvey

Total-pressurereadingswererecordedona stripchartas a total-
pressureprobewastraversedthroughouttheflowfieldofthejet. A
pressuretransducerwasusedto changethepressuresignalstoa recordable
voltage.Fromthesesurveysandthehot-wiretraces,thevelocitypro-
filesandhot-wirecalibrationswereobtained.

s TurbulenceSurveys
z

Thestripchartwithtwopenswasusedforthehot-wiresurveys.
Theserecordswereusedtoobtainprofilesof theintensityofturbulence
asa functionofthelocattonoftheprobeintheset.

Inaddittonto theseprofilesof intensityof turbulence,magnetic
taperecordingsweremadeofthehot-wiresignalsat selectedpointswithin
themixingregionsofthejets.Fromtheserecordingsautocorrelations
andspectraof thesignalsweredeterminedas describedinreference9.

ANALYSISOFDA.TA
*

Sincetheprimaryinterestinthisreportla in
tureof thejet,thedatawereanalyzedtoyieldthe

* traldensity,theautocorrelation
turbulence.

Intensity

coefficients,

ofTurbulence

Someoftheturbulenceencounteredinjets
investigationisveryintense.Thefluctuating

theturbulentstruc-
intensity,thespec-

andtheeddysizeof the

ofthekindusedinthis
velocitiesarea large

percentofthemeanflow.Thisfactmakestheexperimentalmeasurement
ofthevelocityfluctuationsdifficult.Theconstant-temperatureane-
mometershelpsomewhatinthisdifficulty;but,ingeneral,theresults
areconsideredtobe accuratewithin10percentiftheintensitiesare
lessthan30to 40percent.Thisproblemhasbeeninvestigatedandis
discussedinreference9. (Ref.12 givesa methodforcorrectingthe
measurements,butitwasnotusedinthisreport.]

Thehot-wiresignalswereanalyzedtogivetheintensityofturbulence
by themethodofreference13. Aftertheprofilesof intensityof tur-
bulenceweredrawnat selecteddistancesdownstreamof thejet,contour

., mapsweremadeshowinglinesof constantturbulenceintensityforvarious
crosssectionsofthejets.

●
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ScaleofTurbulence

Thescaleofturbulencewasobtainedfrom

NACATN4029
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theautocorrelationcoeffi- -
cientsat asexplainedinreference9. A typicalautocorrelogramis
wellrepresentedby thefollowingempiricale~ression:-.

(1)

where ~ andtheangul~frequencyU* areconstantsthatcanbeeval-
uatedfromtheexperimentalcorrelogrems,and t“ istime.Thecharacter-
isticfrequencyu)*,whichisrelatedtothe~er andlowercutoff
frequencieso??thespectrumof turbulence,canbe convertedtoanaverage
eddysizeby theequation

%ocAx.——
U)* (2)

whereAx istheeddysizeand Uzoc thelocalmeanvelocity.
.

Thismethod-ofanalysisfails,of.course,whentheempiricalequatio-n
doesnotfittheexperimentalautocorrelo~ams. This isparticularlytrue
atpointsinthejetclosetothenozzle,whereno satisfactorymethod d

hasbeenfoundto evaluatetheeddysize.Infact,itmaybe erroneousto
speakofan eddysizehere,sinceeddiesintheturbulencesenseexist F
incotiinationwithperiodicflowdisturbances.

SpectrumofTurbulence

Thespectrumprovidesanotherapproachtotheenergydistribution
oftheturbulentvelocities.Inparticular,thespectrashowbandsof
frequencieswheretheenergycontentishighandperiodicitiesarepresent
inthevelocityfluctuations.T&se spectraareusefulincomparison
withthoseofthecircularjettoshowhowtheenergyisalteredby the
nozzleconfigurationunderstudy.Itispossibleto syotshiftsofenergy
fromonepartof’thespectrumtoanotheraswellas reductionofenergy ‘
contentincertainbandsoffrequencies.

Itismoreconvenien$tomeasureboththeautocorrelationsandthe
spectraof theturbulenceratherthantoobtainonefromtheotherby
meansofa Fouriertranstorm.However,reference9 showsthatthetwo
methodsgiveidenticalresultsifrequired.

“Y

?
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RESULTSANDDISCUSSION

MeanFlow

Mean-flowmaps,three-sector nozzle.- Theresultsof themean-flow
studiesarepresentedinfigures3 and4. Figure3 showsthecontoursof
constant velocitytoanaccuracyof*1Opercentinthe295°to115°plane
throughthethree-sectornozzle.Thisplanecontainsa low-flowregion
aswellasoneofthehigh-speedjets.Thecontoursshowanasyrmuetry
probablycausedby structuralirregularitiesinthenozzlesthemselves
aswellasmisalinementoftheprobesusedtomeasurethevelocityof the
airstreatu.Thedifferenceinsizeofthesectors,theroughnessofthe
welds,andtheunequalbuildupoftheboundarylayerscauseddifferent
massflowsofairthroughthethreesectors.Thisisbestshowninfigure
4,wherea comparisonof theconstant-velocitylinesshowstheskewness
of theflow. Inthisnozzlethemass-flowdifferencesareslight.

Figures4(a)to (e)showcrosssectionsatrightanglestothe
directionoftheflowat distancesof2, 4,8,16,and24 inchesdownstream
of thethree-sectornozzle.Thesefiguresgiveevidenceof sometwisting
oftheflowas itproceedsdownstreamof thenozzle.A growingcoreof
constant-velocityairaroundtheprojectedoraerodynamicaxisof the

G nozzleisshownby thedisappearanceofthe Ugoc/Ucprofilesof 20,30,
and40percentas thedistancefromthenozzleincreases.Thiscorecon-
tainscompletelymixedairof constantmeanvelocityand,aswillbe seen

4 later,constantturbulenceintensity.Thesizeofthiscoreincreasesas
thedistancefromthenozzleincreases.

Mean-flowmaps,rectangularslottednozzle.- Figures5 and6 show
themean-flowmapsfortherectangularslottednozzles.Figures5(a)and
(b)showthecrosssectionsinthex-zplane,andfigures6(a)and”(b)in
thex-yplane.,Figure5(a)showstheflowmapsfor~zzlesspaced2.95
inches”apart,andfigure5(b)fornozzlesspaced1.19inchesapart.These
twofiguresshowanasymmetryofflowthatcanbe attributedtounequal
boundsry-layerbuildupwithinthedivergentsection,totheconvergent
flowchannels(whichdirectedtheairfromthissectionintothenozzles),
orto anejectoractionaftertheflowleftthenozzles.Theasymmetry
inthex-yplaneisnot asprominentas inthex-zplane,butitisclearly
evidentthattherewasa largermassflowofairthroughtheinnernozzles
as co~aredwith-theouterones.

A comycrisonoffiguresS(a)and(b)withfigures6(a)and(b)in
thex-yandalsointhex-zp-nes showsthatthemixingof thehigh-speed
streamswitheachotherandwiththeentrainedairtakesplaceata faster

+ rateforthenarrowerspacing.However,themapsinthex-yplaneare
verysimilarandarelittleaffectedby thenozzlespacing.
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Ingeneral,thesefiguresshowthatthedifferencesintheflowmaps
ofthenozzlesaresmallbecauseof structuralirregularitiesbutlarger
becauseof differencesinnozzlespacing.

TurbulentFlow

Intensityofturbulence,three-sectornozzle.- Theintensityof
turbulencethroughouttheflowfieldofthethree-sectornozzlehasbeen
mappedsimilarly-to‘themeanflow.Theresultsofthecowletesurvey
wereaveragedandarepresentedforonlyone130°sectorof thecomplete
rotationangle,forthefollowingreasons:(1]themean-flowsurvey
showedonlyslightdifferencesinthethreesectors,and(2)thehot-wire
tracesshowfluctuationsofthevelocitythatarelargerthanthevaria-
tionsduetoasymmetry.Thus,theaveragedvaluepresentsa truepicture
oftheturbulencelevel.

Figure7 showscontoursofequalturbulenceintensityforplanes
perpendiculartothedirectionofflow(r-~planes)at distancesdownstream
ofthenozzleof2, 4,8,12,16,20,24,and28 inches.Figure7(a)shows
a moreorlessuniformpatternthatstartstobreakupasthejetsbegin
tomixwiththeentrainedairjthemixingproceedsasshowninthesuc-
cessivefigures7(b)to (h). In7(a)and(b]thehighintensityoftur-
bulencealongtheregionsofgreatestshear(thezoneswherethemixing
of thehigh-speedjetwiththeroomairistakingylace)is shownby the
closenessof theprofilesat theboundariesofthehigh-speedflow. In
7(c)to (h),wherethehigh-speedcoreshavedisappearedandcomplete
mixinghastakenplace,thecurvesshowa decayofthejetstructure,
mixingat theouterextremeswiththeroomair,andthepresenceofa
centralcoreofconstant-intensitycompletelymixedairinwhichthetur-
bulencehasbegunto decay.

Intensityofturbulence,rectangularslottednozzle.- Theintensity
ofturbulencefortherectangularslottednozzlesisma~ed infigure8
fornozzlespacingof1.19inches.Inthesefiguresareplottedconstant
turbulence-intensitylinesshowingthevariationoftheintensitywith
distancefromthejetnozzles.Themapinthex-yplaneisgivenforthe
ftrstoftherectangularnozzlesinfigure8(a),whilethemapsinthe
x-zplanearegiveninfigures8(b)and(c)forthepositionsoutsidethe
firstnozzleandbetweenthefirstandsecondnozzles.

Fromthese”figuresitisTossibleto-obtaininformationonthetur-
bulentmixingofthefirstjetwiththertiomairaloneandthefirstand
secondjetswitheachotheraswellaswiththeroomair. Forinstance,
figure8(b)showsthatthe8-,10-,and12-percentprofilesextend
fartherdownstreamthantheydo infigure8(c),whichshowsthecommon
mixingzonebetweenthefirsttwojets.Theevidencegivenhereshowsthat
theeffectof theadjacentjetsisto increasethemixingof thejetswith

&
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eachotherandwithentrainedairfromtheroom. Thismixingresultsin
a smallerintensityofturbulenceinthecommonzonebetweentwojets
thanthatfoundwhere#hereisnoadjacentjetwithwhichtomix.

Similarexperimentswereperformedwitha spacingbetweennozzles
of2.95inches.Theresults,whicheresimilartothoseshownfora
spacingof 1.19inches,b.renotgivenspecificallyinthisreport.Not
enoughdataweretakento determinetheeffectof thespacingof the
nozzleson thejetmixing.Reference4,however,discussestheeffect
ofthespacingon thesoundpoweroutputofthenozzles.

Spectrumof’turbulence,three-sectornozzle.- Turbulentvelocity
spectraareusuallypresentedintermsofthespectraldensityfunction.
Thisfunctionistheratioof thekineticenergyperunitbandpassto
thetotalkineticenergyoverthecompleterangeoffrequencies.A
spectrumgivesusefulaswellas interestinginformationabouttheenergy
distributionoftheflowthroughthenozzle.Figures9 and10 showthe
spectraldensityfunctionplottedagainstthefrequency4 and8 inches
downstreamof thenozzle.Thesetof curvesshowsthespectraas the
axialandradialdistancesarechangedforthreedifferentcircumferential
positionsinthethree-sectornozzles.

Theinterestingfeaturesareasfollows:

(1)Thedefinitepeaksinthespectrashowthefrequencyrangeswhere
thepredominantenergyislocated.

(2)A centralcoreof turbulentairgrowsintheradialdirectionas
theaxialdistancefromthejetnozzleincreases.Thespectrumof this
completelymixedandturbulentairshowsnopeaks,andtheintensityis
constantthroughoutthiscore.

(3)As thedistancefromthejetnozzleM increased,thespectra
fordifferentcircumferentialpositionsbecomemorenearlyalike.This
factshowsthattheturbulentstructurehasbecomeuniformthroughoutand
thepatternof thelobesistendingtodisappear.

Figures9(a),(b),and(c)giveevidenceof thespectralpeaks
mentionedinitem(1). In9(a)thecurvesindicatea peakat about100to
2(XIcpsforallcircumferentialpositionsinthejetata radialdistance
of 1/2inch.Thisindicatesthecentralcoredescribedinitem(2). As
theradialdistanceincreasesto l+ inches(fig.9(b)),the~ictureisthe

sameforthecircutierenttalpositionof 66.7°(theinflowair)withthe
peakstillintheneighborhoodof 100to200cps. However,therearestill
trendstowardspectralpeaksat 100to200cpsinthetwopositionswithin
thehigh-speedflow,andanadditionalwpectralpeakoccursat 8~ to~~o
cps. Figure9(c)illustratesa similarpatternofflowfora radial
distanceof 2+inches.Forthetwocircumferentialpositionswithinthe
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Figures9(b)and(c)illustratealsotheredistributionofspectral la
energyby thenozzleconfiguration.Inthesefigurestherateof decrease k
inthehigh-frequencyrange(about1000cps)ismuchsteeperat some 1+
positionswithinthejetsthanat others.Thischangeinthespectrum
indicatesa changeintheenergycontentoftheflow.

Figure10,forpositions8 inchesdownstreamofthenozzle,gives
spectralpeakssimilarbutlesspronouncedthanthoseat 4 inchesfrom
thenozzle(fig.9). In10(a)thecurvesfieverysimilarandare
characteristicof theinnercoreof turbulent(completelymixed)air.
Figures10(b)and(c)showthedevelopmentofthesecondarypeakat 400 .
to600cpsuntiltheradialdistanceislarge(figs.10(d)and(e)),at
whichpositionsno discretepeaksexistat 8(KIto1000cps.

Spectrumofturbulence,rectangularslottednozzle.- Fortherec-
tangularslottednozzle,thespectrainthemixingzonebetweentwonozzles
aregiveninfig~e 11. Herearedisplayedthespectraforaxialdistances
from1 to20 inchesdownstreamofthenozzleforpointsinthemixing
regionhalfwaybetweenthefirstandseconanozzles.Thefiguresshowthe
effectofmixingof thejetsonthespectraldensitycurves.At first #
(fig.11(=)) littlemixinghasoccurredandthespectrumshowsfluctuations, ~
spectralpeaks,andylateausnear100and1000cps. As thedistancefrom ~
thejetsincreases,thesetwopeaksmergeintooneatabout100to200
Cps.

A sequencesimilartothatoffigure11 isgiveninfigure12forthe
mixingzonejustoutsidethefirstnozzle.Thefiguresgivethesyectra
at thesamedistancesfromthenozzleas infigure11. Thereisless
evidenceof thespectralpeaksthatwerefoundinthecommonmixingregion
betweenthetwojets.

ScaleorEddySize

The A scaleoftheturbulenceoreddysizewasevaluatedas described
intheANALYSISOFDATAsectionofthisreportwiththeresultsshownin
figure13.

Three-sectornozzle.- Infigure13(a)thevariationoftheeddysize
withdistancefromthejetnozzleisshown”forthreepositionswithinthe
mixingzonesofthejets.Allthemeasurementsshownarefora radial #
distanceofl+ inchesfromthejetcenterlineofthethree-sectornozzle

andforthreepositions:onewithinoneofthethreehigh-speedjetsand “
twowithinthelow-speedzonesormixingair. Thevariationofthescale
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h
withdistancefromthenozzleislinear,as it is ina circularnozzle
(ref.9). Thescalewithinthehigh-speedjetismuchsmallerthanit

4- inthemixingzones.
d

11

is

Rectangularslottednozzle.- Infigure13(b)theeddysizeisshown
as a functionofdistancefromtherectangularslottednozzlefortwo
selectedpositions:oneinthemixingzoueof thefirstjetaloneinthe
x-zplaneandtwointhecommonmixingzonebetweenthefirstandsecond
jets.Thescaleinthemixingzone
largerthanthatinthemixingzone
exittoabout7 inchesdownstream.
thecommonmixingzoneofthefirst
thanthatof thefirstjetalone.

betweenthefirstandsecondjetsis
of thefirstjetalonefromthenozzle
Fromthatpointon,theeddysizein
andsecondjetswasverymuchless

In thisnozzlealso,thevariationofscalewithdistanceislinear
forat leastas faras 20 inchesdownstream.

No nondimensionalizingparameterisknownwithwhichcomparisonsof
scaleof largeandsmallnozzlesandspecialconfigurationsofnozzles
canbemade. Hence,resultswiththesetwonozzlesarenotcompared
quantitativelywitha circularnozzle.

b
CONCLUSIONS

2 Hot-wire-anemometermeasurementsof theintensity,scale,andspectra
ofturbulencein themixingzonesofa three-sectornozzleanda four-
jetrectangularslottednozzlegavethefollowingresults:

1.Theturbulentmixing(thereductionof turbulentintensityand
scaleinregionsof interferenceas comparedwithregionsof noninter-
ference)thatoccurswhena jetexhaustsintostationaryairisaidedby
dividingtheflowintomultipleinterferingjets.

2.Thescaleandintensityofturbulencearelessinthecommonmixing
zoneof twointerferingrectangularJetsthaninthemixingzoneofa
singlejetof theconfiguration.

3.Theturbulentspectrashowthat,whena comparisonismadeof those
inthehigh-speedflowregionwiththoseof thelow-speedflow,theef”fect
ofmultiple”slotsor sectorsisto shiftenergyfromhightolowfrequen-
ciesandtoeliminateorreducespectralpeaksincertainfrequenciesand
toaugmenttheminothers.

+
LewisFlightPropulsionLaboratory

NationalAdvisoryCommittee””forAeronauticsG Cleveland,Ohio,May16,1957
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(’b)Rectin8uhrslottednozzle.

~lgure1.-Conoluded.Hoise-suppressimnozzles.
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Distancefromnozzlecenterline,r,in.

Figure3.-Mean-floumapforthree-sectornozzle
at295°to~0 inr-x plane.Machnumber,0.3J
Reynold6numb=,2.O6X1O6perfoot.
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Figure 4. - Continued.
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(c) Dlstanoe.from nozzle, 8 inches.

FLgure 4. --continued.Mean-flow maps for three-sector nozzle In x-e plane. Mach
number, 0.3; Reynolds number, 2.06x106 per foot.
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(d)Distancefromnozzle,16 inebes.
FIEWIW4. - Ckmtinued.Mean-flowmapsfor12mee-sectornozzleinx-9”plane.number,2.06xm6 per foot. h~h number,0.3;Reynolds
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(e) DLstance from nozzle, 24 inches.

~igure 4. - Concluded. Mean-flOW maps for three-sectornozzle In x-e plane. Mach
number, 0,3; Reynolds numbers 2.06xI06 per foot.
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number O.3;Regnoldenumber,2.08x106per foot.
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Figdre 10. - Spmtrum of turbulence
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(a) Three-sectcu. noxzle. Radial distanoe, l; inches.
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Fl@re 13. - Vari ticm of eddy size with distance fmm Jet nozzle.
numbm, 2.06x11$ per foot.

Us&h number, 0.3; Reynolds
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